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1.0  INTRODUCTION 


Excited  nitrogen  has  been  of  major  interest  for  many  years  because  of  its 
highly  energetic  metastable  states  (Refs.  1  to  5).  The  most  used  method  for 
production  of  the  first  excited  electronic  state  of  N^  has  been  by  electrical 
discharge  excitation  of  Ar  and  subsequent  transfer  to  N^  to  form  N^CA^e^U) 
(Ref.  2).  The  NjCA)  molecule  contains  6.2  eV  of  energy  which  allows  for  a 
transfer  to  molecules  that  are  better  suited  to  lasing  than  N^  such  as  NO,  SO 
and  IF.  The  2.0  s  lifetime  of  the  N2(A)  state  makes  it  unsitable  for  lasing. 
A  purely  chemical  generation  method  for  has  not  previously  been  shown 

to  produce  high  densities  of  the  excited  state. 

This  study  determined  what  densities  of  N^(A)  could  be  produced  using  NF^  + 
by  the  following  basic  reactions: 


N/,  i 

>^2 

(1) 

F  + 

H  +  HF 

(2) 

H  +  fFj  -*• 

NF(a‘A)  +  HF 

(3) 

H  +  rf  (a^A) 

N(®D]  +  HF 

(A) 

N(®D)  +  NF(j 

-  N2(B)  +  F 

(5) 

N2(B)  - 

+  hv 

(6) 

A  more  detailed  reaction  scheme  is  given  in  the  Appendix.  The  study  was  per¬ 
formed  in  supersonic  flow  to  minimize  the  operating  gas  phase  temperature  and 
provide  preliminary  information  on  Nj(A)  in  a  possible  lasing  media.  Previous 
work  indicated  that  this  reaction  sequence  in  a  subsonic  flow  tube  produced 
excited  N^  (Ref.  3).  However,  the  reaction  had  not  been  used  to  produce  den¬ 
sities  greater  than  10®  molecules/cc  in  the  flow  tube  low  pressure  condition. 


2.0  DEVICE  DESCRIPTION 


2.1  OVERVIEW 

The  overall  experimental  system  consisted  of  a  316L  stainless  steel  chamber 
with  viewing  ports  on  four  sides.  Figure  1  shows  a  view  of  the  chamber  with 
positions  shown  for  the  gas  input  plumbing.  The  chamber  was  exhausted  into  a 
cooled  diffuser  in  the  transition  section  and  two  heat  exchangers.  The  device 
was  evacuated  using  two  Kinney  850  cfm  pumps  with  two  M&D  Pneumatics  2700  cfm 
blowers  for  a  system  total  of  7,100  cfm. 

The  BCL-16  nozzle  was  positioned  on  the  chamber  wall  with  the  gas  inputs.  The 
BCL-16  nozzle  cross  section  in  shown  in  Fig.  2.  The  nozzle  and  flow  systems 
have  been  discussed  in  detailed  in  previous  reports  CRefs.  4,  5).  The  BCL-16 
nozzle  was  developed  for  HF/DF  laser  application  (Ref.  4)  and  studied  for 
those  same  systems  (Ref.  6).  For  the  N^F^  +  system  the  combustor  portion 
of  the  assembly  nozzle  was  operated  at  design  conditions  to  profuce  F  atoms. 
The  hydrogen  or  deuterium  and  fluorine  were  injected  into  the  combustor  along 
with  He  diluent  at  a  molar  ratio  of  F^;  0^:  He  of  approximately  1:2:50. 

The  combustor  portion  of  the  nozzle  was  N^-cooled  by  an  external  copper  collar 
around  the  body  of  the  combustor.  The  internal  temperature  of  the  combustor 
was  maintained  by  using  a  Ni  liner  with  an  air  gap  between  the  outer  diameter 
of  the  liner  and  inner  diameter  of  the  combustor  wall.  This  configuration  was 
determined  by  extensive  testing  with  LaB^  and  alumina  liners.  The  LaB^  and 
alumina  liners  failed  after  minimal  usage.  The  result  was  that  debris  from 
the  liners  plugged  the  primary  nozzles  preventing  further  operation.  The  Ni 
liner  lasted  over  10  test  sequences.  A  study  of  the  mixing  performance  of  the 
BCL-16  nozzle  was  performed  under  reactive  conditions.  The  preliminary  sum¬ 
mary  of  the  study  will  be  presented  under  the  Results  section  of  this  report. 
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Figure  1.  Device  schematic. 
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3.0  DIAGNOSTICS 


3.1  NFCa‘A)  AND  EMISSION  MEASIREMENT 

The  NF(a‘A)  diagnostic  was  an  extremely  important  part  of  the  device  perfor¬ 
mance  analysis  and  has  been  descibed  previously  [Ref.  7),  The  overall  arrange¬ 
ment  of  the  NF(a)  and  NF(b)  diagnostics  is  shown  in  Fig.  3.  The  87A.2  nm 
emission  from  the  NF(a-X)  transition  was  detected  via  a  38.1  cm  long  spatial 
filter  with  0.17  cm-dia  orifices  coupled  to  a  fused  silica  fiber  optic.  The 
fiber  optic  was  bifurcated  so  that  one  end  was  fed  into  the  NF(b)  diagnostic, 
which  monitored  the  hFCb-X)  transition  at  528.8  nm.  The  allowed  simultaneous 
detection  of  NFCa)  and  NF(b)  within  the  same  viewing  volume.  The  flame  shape 
was  photographed  and  digitized  to  determine  the  actual  viewing  volume  (Fig.  4). 

Errors  for  the  diagnostics  were  based  upon  the  extent  of  interferences  from 
other  emissions,  uncertainties  in  the  liftimes  and  calibration  errors.  The 
error  for  the  ^F(b^  )  diagnostic  was  determined  to  be  ±10%  with  a  range  of 
10“  to  10“  molecules/cc.  For  the  NF(a‘4)  diagnostic,  the  error  was  larger 
because  of  the  interferences  from  other  emissions  in  the  system  and  was  esti¬ 
mated  at  +20%  with  a  range  of  10*"  to  10^*  molecules/cc. 

The  spatial  filter  was  mounted  on  a  remotely  operated  translation  stage  with  a 
linear  voltage  displacement  transducer  (LVDT)  to  accomplish  scans  across  the 
centerline  of  the  flow  field  of  the  device  with  a  known  position.  Sample  scans 
of  the  NF(a‘A)  and  NF(b‘i:)  emissions  are  shown  in  Figs.  5  and  6.  Scans  were 
made  starting  at  the  nozzle  exit  plane  (NEP).  The  scan  was  not  begun  until 
all  flows  were  stable. 

3.2  OPTICAL  MULTICHANNEL  ANALYZER  (OMA) 

The  OMA  III  1460R  system  (EG&G  PAR)  was  used  to  monitor  the  change  in  emission 
over  a  wide  wavelength  range  (usually  300-900  nm)  at  a  fixed  point  within  the 
device.  The  OMA  III  system  and  its  calibration  has  been  described  in  Ref.  5. 
This  diagnostic  was  only  used  to  determine  volume-averaged  changes  of  the 
excited  state  production  in  the  device  with  respect  to  flow  rate  changes. 


Experimental  arrangement 


4.0  INFRARED  EMISSION  MEASUREhCNTS 


4.1 

To  determine  the  contribution  to  the  total  N^CB)  population  by  the  infrared 
CIR)  vibrational  transitions,  a  0.3  m  monochromator  (Acton)  equipped  with  a 
1.0  ym  blazed,  1200  1/mm  grating  was  used.  The  emission  was  collected  using  a 
fused  silica  fiber  optic  which  was  rectangular  on  one  end  to  match  the 
monochromator  slit.  The  collection  volume  was  defined  by  a  spatial  filter. 
Scans  from  900  nm  to  1.5  ym  were  performed  at  a  fixed  point  in  the  middle  of 
the  flow.  The  diagnostic  used  an  intristic  Ge  detector  (Applied  Detector 
Corporation,  Model  403L).  The  entire  diagnostic  was  calibrated  using  a 
FEL-type  standard  lamp  (Eppley  Laboratories)  and  with  a  blackbody  (Infrared 
Industries  Inc.).  The  number  density  was  compared  to  the  N2(0)  visible 
emission  measured  at  the  same  point  in  the  flow  using  the  calibrated  OMA  III. 
The  Nj,(B)  population  could  be  determined  to  within  +15X. 

4.2  HF  A^D  DF 

Vibrationally  excited  HF  and  OF  were  produced  in  the  combustor  and  in  sub¬ 
sequent  reactions  of  NF^.  The  rotational  distribution  of  the  HF(DF)  produced 
was  of  interest  in  terms  of  evaluating  possible  interference  with  other 
diagnostics  and  in  determining  the  gas  phase  temperature  assuming  rotational 
equilibrium.  The  HF(OF)  emission  was  studied  with  the  OMA  III  to  its  limit  of 
900  nm.  Further  into  the  IR,  HF(DF)  emission  was  examined  using  the  0.3  m 
monochromator  and  detector  described  in  the  previous  paragrah.  A  3.0  ym 
blazed  grating  was  used.  Only  relative  peak  heights  were  of  interest  from 
this  diagnostic. 
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5.0  ULTRAVIOLET  (UV)  DIAGNOSTICS 


5.1  N^CC) 

The  NjCC-B)  emission  is  due  to  the  creating  of  the  C  state  from  N^CA)  pooling 
as  given  by 

2  N^CaV)  Nj(C*iru)  +  N^(X*Zg+)  (7) 

The  rate  for  the  pooling  reaction  is  very  fast,  1.0  to  2.6  x  10“^®  cm®/molecule-s 
(Ref.  8),  ultimately  determining  the  maximum  N^CA)  concentration  which  may  be 
produced.  The  lifetime  of  the  N^CO  state  is  3.92  x  10“*  (Ref.  9).  Knowing  the 
pooling  rate,  the  concentration  may  be  calculated  from  a  known  N2(C) 

number  density.  This  diagnostic  was  used  as  a  cross-check  on  N2(A)  densities 
determined  by  N2(B-A)  emission.  Contaminants  in  the  N^F^  lead  to  NO  emission 
interf erring  with  many  of  the  known  Nj,(C)  peaks  during  experimental  testing. 

The  apparatus  used  was  a  1.0  m  vacuum  ultraviolet  (VUV)  monochromator  (Acton) 
equipped  with  MgF^  windows.  Scans  were  performed  from  250  to  400  nm  using  a 
fused  silica  fiber  optic.  The  detection  was  via  a  Hamamatsu  R928  photo¬ 
multiplier  tube  (PMT).  Calibration  was  performed  using  the  FEL-type  standard 
lamp  and  narrow  bandpass  filters  to  determine  the  systems  response  at  specific 
wavelengths.  Blocking  filters  were  used  to  minimize  interference  from  UV 
scatter.  The  OMA  III  system  was  used  to  confirm  peaks  at  wavelengths  greater 
than  300  nm.  Because  of  the  large  interference  from  NO(A-X)  emission  in  the 
US,  this  diagnostic  was  less  accurate  than  measurement  of  N2(B).  The  N2(C) 
population  could  be  determined  to  within  +30X. 
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6.0  GAS  PHASE  TEMPERATURE  DETERMINATION 


Scans  of  the  HF  rotational  distribution  were  performed  on  several  represen¬ 
tative  tests.  The  relative  intensity  plotted  versus  J(J  +  1)  yields  a  gas 
phase  temperature  for  that  area  of  the  flow  field.  Scans  were  performed  using 
the  apparatus  as  described  in  the  IR  emission  section.  The  HF(O-l)  data  were 
rejected  because  of  self -absorption.  Temperatures  in  the  flow  field  ranged 
from  1200  to  1600  K.  Use  of  the  Boltzmann  distribution  to  determine  gas  phase 
temperature  asseumes  an  equilibrium  exists.  Errors  because  of  nonequilibrium 
as  well  as  some  self-absorption  are  estimated  at  200  percent. 
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7.0  PARA^CTRIC  FLOW  STUDIES 


Extensive  flow  variation  studies  were  performed  with  the  BCL-16  nozzle.  The 
purpose  of  the  flow  studies  was  to  begin  with  a  computer-modeled  set  of  com¬ 
bustor  conditions  and  optimize  the  combustor  performance.  One  the  combustor 
was  optimized  and,  thus,  the  F  production,  the  (or  D^)  and  NF^  were  varied 
to  optimize  N^CB-A)  emission.  To  optimize  to  combustor,  actual  H  atom  produc¬ 
tion  was  monitored.  Hydrogen  was  added  through  the  secondary  jets  and  NO 
added  through  the  trip  jets.  The  H  +  NO  reaction  produces  a  red  emission  from 
the  relaxation  of  excited  HNO  which  is  formed.  The  gas  phase  titration  to 
determine  the  H  atom  level  has  been  described  in  Ref.  5. 

The  next  series  of  tests  involved  setting  the  reagent  flows  at  a  computer- 
modeled  set  of  conditions  and  optimizing  one  reagent  at  a  time.  Once  a  speci¬ 
fic  flow  was  optimized  the  other  flows  were  one  at  a  time  varied  to  achieve 
the  highest  N^CB)  level.  Then  the  original  reagent  flow  was  checked  to  ensure 
maximum  intensity.  Figures  7  through  9  show  samples  from  the  test  series. 

The  Nj(B-A)  emission  appeared  to  be  relatively  insensitive  to  most  flows 
except  NjF^  and  F^.  Even  the  response  to  N^F^  flow  change  was  smaller  than 
might  be  anticipated  (Fig.  9). 

One  series  of  tests  were  designed  to  determine  if  by  using  in  place  of 
in  the  secondary  jets,  the  NFCb)  production  could  be  minimized  as  a  para¬ 
sitic  pathway  and,  thus,  N^CB-A)  increased.  The  overall  result  was  that  with 
Dj  the  NjCB)  number  density  increased  from  5  to  10  times  the  [n^CB)]  pre¬ 
viously  achieved  with  H^.  The  increase  may  be  also  because  of  improved  mixing 
from  increased  penetration  of  the  jets  —  the  jet  penetration  being  dependent 
upon  the  molecular  weight  of  the  gas.  The  decoupling  of  the  chemistry  and 
mixing  issues  has  not  been  completed;  however,  some  investigation  of  the 
mixing  in  the  BCL-16  nozzle  was  performed.  The  method  used  is  discussed  in 
Ref.  6.  A  sheet  of  Ar"*"  laser  light,  514.5  nm  was  directed  into  the  device. 

The  514.5  nm  wavelength  excites  that  is  injected  through  each  set  of  jets, 
such  as  primary,  secondary  or  trip,  at  separate  times.  The  fluorescence  is 
then  photographed  as  the  sheet  of  light  is  translated  across  the  NEP.  A 
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diagram  of  the  experimental  setup  is  shown  in  Fig.  10.  The  photographs  from 
each  set  of  jets  were  digitized  and  combined  to  determine  the  over-lap  areas. 
The  area  of  overlap  indicates  where  the  jets  are  mixing.  Care  was  taken  to 
use  inert  carrier  gases  which  would  be  similar  to  the  molecular  weight  of  the 
actual  reactive  flow  gases.  Figure  11  shows  the  result  of  the  photograph 
overlapping  at  one  position  in  the  flow  field.  The  area  of  overlap  is  small 
indicating  poor  mixing.  The  quantitative  effect  is  not  easily  determined  by 
these  cold  flow  investigations.  The  cold  flow  studies  do  indicate,  however, 
that  mixing  is  a  significant  factor  causing  low  N^(A)  production. 

Table  1  gives  a  set  of  sample  test  conditions  which  yielded  high  N^CB)  number 
densities  and  compare  0^  versus  secondary  injection.  The  concentrations  of 
NF(a^A)  and  NF(b^E)  are  given  in  addition  to  the  N^CB)  concentrations.  The 
NF(a‘A)  and  NFCb^r)  concentrations  are  peak  values  taken  from  the  scanning 
diagnostic,  whereas  the  N^CA)  concentration  is  volume  averaged  over  a  larger 
portion  of  the  flame. 

The  Nj(A)  yield  calculated  from  the  maximum  production  set  of  flow  rates 
(using  N^Cb)  populations)  and  based  upon  initial  N^F^  flow  is  10“®*.  The 
flow  rates  for  this  case  are  listed  first  in  Table  1.  The  yield  of  l^Ca'A)  is 
also  lower  than  predicted  from  earlier  studies  (Ref.  10).  The  yield  for 
ivF(aM)  never  exceeded  35  percent  in  any  test  sequence.  This  indicated  the 
branching  ratio  might  also  not  be  correct.  Flow  tube  studies  were  performed 
in  this  laboratory  which  confirmed  the  branching  ratio  might  indeed  be  on  the 
order  of  35  percent  to  NF(a‘A).* 

To  confirm  that  the  popoulation  was  represented  by  the  N^(B)  visible 

emission  as  shown  in  a  sample  OMA  III  scan  (Fig.  12),  the  IR  portion  of  the 
N^(B)  emission  was  examined.  The  prominent  features  of  the  N2(B)  spectrum  are 
the  1-0,  0-0  and  0-1  peaks  between  850  and  1250  nm.  The  only  peak  which  was 


♦Communication  with  Or.  Miles  R.  Palmer  regarding  a  forthcoming  publication, 
Sept  1986. 


Figure  10.  LIF  apparatus  schematic 


TABLE  1.  Sample  comparisons  of  and  secondary  Injection 
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detected  in  the  scans  on  the  device  was  the  0-0  transition  at  1050  nm. 
Population  attributed  to  the  0-0  peak  was  only  1.3  percent  of  the  total  popu¬ 
lation  in  the  450-850  nm  transitions  levels.  Therefore,  it  was  concluded  that 
the  use  of  the  visible  emission  to  determine  the  N^CB)  total  population  was  a 
credible  method.  Scans  in  the  UV  were  used  to  determine  if  the  N^CC)  popula¬ 
tion  indicated  the  same  N^CA)  concentration  as  the  N^CB)  emission.  N^CA)  was 
looked  for  directly  as  well.  The  NO(A-X)  emission  swamped  all  efforts  to 
observe  N^CA)  directly.  Two  N^Cc)  peaks  were  identified  in  the  310  to  320  nm 
region.  These  are  indicated  in  Fig.  13,  which  shows  a  trace  of  one  of  the  UV 
scans . 

Calculating  the  population  from  the  N^CC)  2-1  and  1-0  peaks  and  assuming  the 
vibrational  distribution  is  known  (Ref.  11),  the  total  N^CC)  population  is 
estimated  to  be  6  x  10®  molecules/cc.  This  yields  a  N^CA)  concentration  of 
2.4  X  10“  molecules/cc  by  employing  the  rate  for  Equation  7  since 

[n,(A)]  =  ([Nj(C)]ApTc)i  (8) 

where  kp  is  the  pooling  rate,  and  Tq  is  the  radiative  lifetime  of  the  N^(C) 
state  (tq  =  3.99  x  10"*  s).  This  result  compared  well  with  the  N^O)  emission 
of  1.6  X  10“  molecules/cc  for  the  same  test.  With  the  assumptions  made 
regarding  vibrational  distribution  of  N^CO  population,  the  only  confirmation 
required  is  that  of  order  of  magnitude;  this  was  accomplished.  It  is,  there¬ 
fore,  accurate  to  determine  the  N^CA)  population  based  upon  N^CB)  visible 
emission  in  the  apparatus  and  flow  conditions  used  in  these  experiments. 
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8.0  CONCLUSIONS 


The  maximum  N^CA)  yield  obtained'  through  parametric  variation  was  1  x  10”** 
based  upon  initial  N^F^.  This  corresponded  to  a  concentration  of  ~2  x  10“ 
molecules/cc,  using  0^  in  the  secondary  jets.  Similar  flow  rates  using 
yielded  a  5  to  10  times  smaller  concentration  of  Nj,(A).  The  increase  with 
Oj  may  be  because  of  the  Inability  of  OF  to  react  with  NF(a*A)“  as  HF  does  in 
the  following  reactions 


NF(a*A)  +  HFCv'  =  23 


NF(b*E3  +  HFCv'  =  0) 


k  =  8.3  X  10“ “  cc/molecule-s 


NFCa*A)  +  HFCv'  =  33 


NF(b*i:3  +  HFCv'  =  13 


k  =  7.5  X  10”“  cc/molecule-s 

Therefore,  by  using  0^  in  the  reaction  sequence  the  NF(b*r)  formation  from 
NF(a*A3  is  minimized.  This  provides  additional  NF(a^A)  for  further  reaction 
to  form  Nj(A3.  This  was  checked  by  comparing  the  tests  with  and  tests  with 
Oj.  Table  2  contains  the  flow  rate  and  diagnostic  data  on  these  tests.  There 
is  a  decrease  in  NF(b*i3  population  as  noted  by  Herbelin  and  Cohen  (Ref.  123. 
However,  the  decrease  in  NF(b*T3  is  insufficient  to  account  for  the  increase 
in  NF(a*A3  and  thus  N^CAj.  The  conclusion  is  that  there  is  increased  jet 
penetration  at  similar  molar  flow  rates  if  and  because  of  the  higher 
molecular  weight  of  D^.  The  N^CAj  production  is  then  aided  by  better  mixing. 
The  decrease  in  NFCb3  most  probably  aides  N2(A3  but  to  a  lesser  degree.  The 
overall  conclusion  is  that  should  be  used  as  the  secondary  gas  instead  of 
Hj.  A  small  number  of  tests  were  attempted  using  trip  jet  injection  of  0^  and 
secondary  jet  injection  of  N^F^.  The  result  was  lower  Nj(B3  emission  at  the 
same  flow  rates  and  reversed  injection. 


9.0  RECOMMENDATIONS 


Further  nozzle  development  is  needed  to  improve  mixing.  The  BCL-16  type 
nozzle  is  insufficient  for  this  reaction  scheme.  It  is  recommended  here  that 
a  new  nozzle  be  designed  to  deal  with  the  very  heavy  NF^  and  extremely  light 
Dj  penetration  problems. 

The  other  question  remaining  is  -  what  is  the  actual  branching  ratio  for 
NFC a ^ A)  production  given  by  Equation  3.  The  measurement  needs  to  be  made  pre¬ 
cisely.  Previous  assumptions  of  a  90  percent  branching  ratio  were  based  upon 
an  indirect  measurement  (Ref.  10).  Current  research  should  be  directed 
towards  better  defining  the  branching  ratio. 

Since  the  pooling  rate  for  N^CA)  is  rapid,  there  will  be  a  limit  to  the 
[NjCA)]  which  is  achievable.  Therefore,  it  is  important  to  find  an  energy 
transfer  acceptor  which  may  be  premixed  with  the  NF^  or  injected  early  in  the 
reaction  sequence.  The  difficulty  lies  in  finding  an  acceptor  atom  or  mole¬ 
cule  which  does  not  seriously  Impact  the  N^CA)  production  scheme. 

Overall,  N^F^  +  0^  reaction  scheme  for  N^CA)  production  holds  promise  although 
difficulties  have  been  determined.  A  program  to  adequately  address  these 
problems  may  allow  for  successful  use  of  this  scheme  for  a  chemical  transfer 
laser. 


L»«t_*itv*‘^  *«< 
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TABLE  lA. 


PRINCIPLE  REACTIONS  AND  KNOWN  RATES 
(All  rates  are  in  cc/molecule  -  s) 

1.  2  +  H  ^  N^Ca^A)  +  HF(v'=  0, 1,2,3) 

kv'=0=  9.56  xlO-12,  =  3.97  xl0“i2,  ky '^2  = 

1.03  xlO-12,  kv«^3  =  1.47  xl0-i3  Ref.  1,2 

2.  ^F2  +  H  ^F(blI;)  +  HF(v=0) 

k2  =  2.94  xl0-i3  Ref.  2 

3.  M^CaU)  +  H  ^  N(2d)  +  HF(v«=  0,1,2) 

k3  =  2.5  xlO-13  Ref.  3 

4.  M^Ca^A)  +  N(2d)  N2(B)  +  F 

k4  =  3.0  X  10-11  Ref.  4 

5.  rF(alA)  +  rt^Cv  =  2,3)  ^  hFCblz)  +  HF(v=0,l) 

kv.=2  =  8«3  X  10-12,  kv..3  =  7.5  x  loH  Ref.  5 

6.  ^F(alA)  +  M  t€(Xh)  +  M 

kg  =  1.7  xlO-13  Ref.  6 

7.  ^F(blz:)  +  M  ^  rF(alA)  +  M 

ky  =  5.0  xlO-12  Ref.  6 

8.  NF(blz)  +  M  -►  r^(x3z)  +  M 

ka  =  5.0  X  10-12  Ref.  6 

9.  N(2d)  +  N2(1e)  -»■  N(^S)  +  N2(X) 

k9  =1.0  xlO-1^  Ref.  7 

10.  N(2d)  +  N(4s)  ->  2N(^S) 

kio  =  1«0  xlO-1^  estimated 

11.  2^F(x3J;)  N2(X)  +  2F 

kii  =  7  xlO-11  Ref.  1 

12.  M^(alA)  +  I^(x3r)  ^  N2(X)  +  2F 

ki2  =  7  xlO-11  Ref,  1 


S 


13.  2N2(A)  N2(B)  +  N2(X,V'>0) 

ki3  =1.1  xlO-9  Ref.  8 

14.  2N2CA)  ^  N2(C)  +  N2(X,V’>0) 

kl4  =2.6  xlO-10  Ref.  9 

15.  2N2(A)  -  N2(C^)  +  N2(X) 

ki5  =  2.6  xlO-il  Ref.  8 

16.  N2(A)  +  NC^S)  ^  N2(X,V' >0)  +  N(2p) 

ki6  =  3.5  xlO-ii  Ref.  10 

17.  N2CA)  +  N(^S)  ^  N2(X)  +  N(2d,^S) 

ki7  =3.5  xlO-11  Ref.  10 

18.  N2(B}  +  N2CX)  ^ 


N2(A,X)  +  N2(X) 


I 


•’.I 


I 


«4 


3 
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